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Cluster algorithms

JADE lLike aleorithins

add missine momentum pseudo cluster (proton retant):

remove scattered cleetron cluster

look for pair of objects ¢, 7 with smallest mv. mass m,;
different. definitions of m,; are possible

recombine 7 and j to a single jet

different recombination schemes are possible

iterate
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hoost clusters ro Breit frame:
remmove scattered electron clhuster

for each chwster i. d;, and d;; are calculated
d,,: distance to proton (d,, = 2E(1 — cosh;,i/ Q)
]

d, distance to clusters 7 (d, = 2min{ E7. E71 1 — cosd,, O

cotuparing d,, and d, . clnster ¢ s cither assiened to a re-
nant” jet. or ¢ and j oare recombined it d,, < 0.9



Definition of jet rates

Inteerated jet rate

. . . ; L .
e clustering ends when no pair 4, j with nlfj-/i‘lf S Yepr I8
lott
(W is the total hadronic mass)
all jets are considered to he resolvable
e from the muuber of 241 jet events. the mregrated jot rate
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Differentiai jet rate

e clustering is stopped when 241 jets are left

- . .") - X
o for all events y» = minm,; /W= is calenlated
{later a cur of i > 0.01 I8 applied)



Mitferential jor rate

o description of data by QCD Monte Carlo models
(ARTADNE 4.08. LEPTO 6.5)

e where does NLO describe the data?

comparisons of partons from parton shower /dipole

()CD Monte Carlos to exact NLO predictions
o unfolding of the differential jet rate “
o fit of NLO predictions to unfolded jet rate
e (uantitative estimate of systetuatic error

acceptance cufs for detector chusters and partons
renormalization scale dependence
recombination scheme dependence

Inteerated jor rate

o description of Rapyl Q7 by QCD models
(JADE jet algorithm)
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Comparison of Data vs Monte Carlo

(7 > 200 GeVE W2 > 5000 GeV=E oy > 001, fy,,, > 7°9)
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o cxcellent description of data by ARIADNE 4.08
(paramceters tuned to HERN ddata)

e poorer description by LEPTO 6.5

-



Comparison of Data vs Monte Carlo

(7 > 200 GeVZ W2 > 5000 GeV=yo > 0.01. 8,4, > 1°)
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Comparison of Data vs Monte Carlo

(% > 200 GeV2 W2 > 5000 GV g > 0.01. O, > 7°)
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o o full set of complentary jet related observables was

checked
e ARIADNE describes g and z, very well
e ARTADNE and LEPTO are poor i the description

of the forward jet’s polar angle distribution

e we unfold the data with ARIADNE in the tollowing

[



NLO vs parton shower/dipole MC

| MSRH. g7 = p‘.j'- =", 4 > 001}
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e shape of NLO and ARIADNE/LEPTO g distributions
agree well
agreetnent of ‘normalization” is not expected for extrente valnes of

Al = 100 MeV and 600 MeV

e shape of NLO and ARIADNE/LEPTO agree well in 2,
ARIADNE and LEPTO differ af small z),

-—



Unfolding method

(Blobel unfolding)

e one step unfolding of hadronization and detector of-
feets

o 51 and yh"" are caleulated for each MC event

. —~0 . . i1 oo
o acutotd,, >7 1 applicd calcudating 57" to mini-
mize model dependence when extrapolating into for-
ward region
urr - . . . .
o 4" is rewcighted such that sl fits et
(weighting frnction is found by log- likelvhood method. oscil-

lating solutions are suppressed)

e rosult consists of: 4 bins of unfolded ys distribution

plus full information of statistical correlations



Hadronization and detector effects
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e rather similar smearing effects are expected by ARI-

ADNE and LEPTO

e size of migration exclides unfolding by correction

factor

method

o sophisticated unfolding method is applied which con-
silers migrations and provides covariance matrix of

stabistical errors



Sensitivity to ag
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e differential jot rate is clearly sensitive to value of ¢,

° :‘\m{_,‘ 1)9 is fitted to unfolded data considering statistical
correlation hetween bins
(unfolding is based on ARIADNE)

o NLO and wnfolded data agree excellently for af'!
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Study of systematic errors

(variation of 8., and 8, curs)
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ecluslpar

® 1nain motivation for cut 8,5, > 7° is lituited detector
acceptance

o jot rate is unfolded for 8, = 6.,

(to avoid model dependent extrapolation inro forward region;

o iclentical 6, cur ix applied in NLO

e niaxinuun change of a{Mz) s +2% and =374

e no xignificant 4,4,,./0,,, dependence of ay is seew for
0.1, > 6°
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Renormalization scale dependence
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e main choice of renormalization scale 15 p7 = 0)-

(Note that Q° > 200 Ge\™)

o setting the scale to p? = 1/4Q7 and p7 = 1Q°
changes o (Mz) by —4% and +6%

e setting p? to sum of jet py in the Breit frame changes

a (M) by +4%

e the renormalization scale ambieuity gives one of the
lareest mdividual errors



Different recombination schemes

o different algorithins
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are qualitatively sinnlar

o largest differences are observed hetween E scheme and

JADE. E,. and P scheme aloorithms
] -

o F. Fy. and P algorithms give completely compatible

but slieghtly larger values of a,

-



('onclusions

Diferensial JeT Vet

® 1o 15 a good varlable to measure o

e consistent determination of o, with sone precision
13 possible
e promincnt uncertainties are due to:
description of data by QCD models
what is the parton level?
rentorinalization scale dependence

cholce of parton density functions

o workine on correct estiiate of model dependence

with LEPTO 6.5

Outlook

e further reduction of model dependence is desirable

o Liieher statistics may allow to select more pronounced
jets and to reduce hadronization effects

o tost of QCD with alternative jet algorithimns covering
larger /different. phase space region

. . )
e stidy of combined y» and Q° dependence



[utegrated jet rate: Data vs Monte Carlo
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o LEPTO describes Q7 dependence of Rayy well:
ARIADNE shows too flar Q% dependence
o LEPTO is the preferred model to correct the data

o control distribution like 8, z, ete. are diseribed by

LEPTO andd ARIADNE however

-



Summary

a. can be determined from measurement of both
mteorated and differential jet rates at HERA

large spectrumm of systematic studies has started with
rhe advent of the flexible NLO programs MEDPJET
and DISENT

main diffienltios /uncertainties of the analvses are:
description of data by QCD models

wlhiat 1s the parton level?

renorinalization scale dependence

cholce of parton density functions

the best method ro determine a from jet studies ar

HERA has ver o be found



